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@ Active matrix liquid crystal display. 

@> An active-matrix liquid crystal display including a liquid crystal panel (27) in which temperature, tilt angle, 
driving voltage or storage capacity gradually change from an upper portion of the liquid crystal panel (27) 
towards a lower portion of the liquid crystal panel (27), in order to improve the uniformity of contrast and 
brightness. 
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BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present Invention generally relates to a liquid crystal display element and more particularly, to an 
active-matrix liquid crystal display in which display material such as liquid crystal is driven by AC by using 
a switching element such as a thin film transistor (TFT) so as to display images. 

2. Description ot the Prior Art 

Image quality of known active-matrix liquid crystal displays has been greatly improved recently. 
However, it is still impossible to say regarding flicker, changes of brightness in a vertical direction of a 
display screen, i.e.. brightness inclination, image sticking phenomenon in which immediately after display of 
a fixed image, the fixed image remains as in a printed state, display performance of gradations, 
dependence on viewing angle, etc.. the known active-matrix liquid crystal displays are not inferior to 
cathode-ray tubes (CRTs). Especially, improvement of dependence on viewing angle is one of vital 
problems to be solved in the known liquid crystal displays showing trends towards larger screens. 

Generally, image quality of the liquid crystal displays largely depends on viewing angle. That is, image 
quality changes greatly according to angle for viewing a display screen. Thus, in a liquid crystal display 
having a large screen, such a phenomenon takes place in which when the display screen is viewed fmm a 
viewing point, a displayed image is not uniform at upper and lower portions of the display screen so as to 
have brightness inclination in a vertical direction of the screen. 

Usually display mode of known active-matrix liquid crystal display elements is twisted nematic (TN) 
mode in which liquid crystal molecules are aligned so as to be twisted at an angle of 90- between two 
substrates. At this time, liquid crystal molecules in the vicinity of boundaries of the substrates are aligned at 
right angles to each other so as to be twisted clockwise or counterclockwise from one substrate to the other 

Such' alignment of liquid crystal molecules is obtained by rubbing an alignment layer. A direction of 
viewing angle, in which maximum contrast can be obtained, (referred to as a "principal viewing angle 
direction", hereinbelow) is determined by a direction of rubbing. In the known liquid crystal displays, optical 
design is usually made such that the principal viewing angle direction is oriented towards an upper portion 
or a lower portion of a liquid crystal panel. Therefore, viewing angle property of the known liquid crysta 
displays usually exhibits symmetric optical characteristics in a lateral direction of the liquid crystal panel but 
unsymmetrical optical characteristics in a vertical direction of the liquid crystal panel. Especially, in a 
normally white mode for performing white display at the time of no application of voltage, nonsymmetry of 
optical characteristics in the vertical direction of the liquid crystal panel is conspicuous. 

In order to correct brightness inclination in the vertical direction of the liquid crystal panel, a method in 
which amplitude of image signal is changed at upper and lower portions of '1^^ display screen |s known 
from for example. Japanese Patent Laid-Open Publication Nos. 61 -261794 (1986). 61-278892 (1986). 62- 
43624(1987) 62-178929 (1987). 1-191196 (1P89). 3-294822 (1991) and 4-258921 (1992). However, in this 
known method, processing of the image signal becomes extremely complicated and load on a driver IC for 

driving liquid crystal is also large. , • .u v-^i 

On the other hand, an attempt is also made in which dependence on viewing angle in the vertical 
direction of the liquid crystal panel is lessened by structure of the liquid crystal panel. In Japanese Patent 
Laid-open Publication No. 3-65926 (1991). Mr. Shunji Suzuki teaches that by changing thickness of a liquid 
crystal layer at respective display pixels from an upper portion of the liquid crystal panel to a lower portion 
of the liquid crystal panel, input signal voltage-light transmission characteristics (referred to as VI 
characteristics", hereinbelow) at the pixels, namely, dependence of VT characteristics on viewing angle is 
changed so as to make VT characteristics at the respective pixels approximately equal to each other when 
viewed from a specific viewing point such that dependence on viewing angle is improved. However this 
method lays a heavy burden on a production process of the liquid crystal panel and thus, is not suitable for 
practical use. 



SUMMARY OF THE INVENTION 



55 



In response to progress of technology of liquid crystal display, a liquid crystal panel becomes larger in 
size In a liquid crystal panel of a size corresponding to a work station, angle for viewing the liquid crystal 
panel changes greatly at upper and lower portions of the liquid crystal panel. Thus, such a problem anses 
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that even if an identical image is displayed, contrast and brightness level change markedly at the upper and 
lower portions of the liquid crystal panel. 

The present invention has for its object to improve dependence on viewing angle inherent in 
conventional active-matrix liquid crystal displays. The present invention is designed to lessen brightness 
5 inclination in a vertical direction of a liquid crystal panel due to dependence on viewing angle of a display 
by a simple method requiring no complicated image signal processing. Meanwhile, the present invention is 
designed to improve dependence on viewing angle without utilizing a complicated production process. 

Concrete arrangements of the present invention are as follows. 

I no |id»ioodii iiivoiitiuii I icao ai icooi Oi ic ui ti ic luiiuwiiiij icoiurc;) (a) lu (u). 

70 (a) Temperature of the liquid crystal panel changes gradually from an upper portion of the liquid crystal 
panel towards a lower portion of the liquid crystal panel. 

(b) Tilt angle of liquid crystal molecules changes gradually from the upper portion of the liquid crystal 
panel towards the lower portion of the liquid crystal panel. 

(c) Magnitude of amplitude of driving voltage applied to a liquid crystal layer by a specific driving 
75 scheme changes gradually from the upper portion of the liquid crystal panel towards the lower portion of 

the liquid crystal panel. 

(d) Magnitude of storage capacity changes gradually from the upper portion of the liquid crystal panel 
towards the lower portion of the liquid crystal panel. 

In the specific driving scheme, an active-matrix liquid crystal display comprises: a plurality of first lines; 

20 a plurality of pixel electrodes which are disposed in a pattern of a matrix and are connected to the first lines 
through capacitors: an image signal line; a scanning signal line; a switching element which is electrically 
connected to the image signal line and the scanning signal line and is connected to each of the pixel 
electrodes; a counter electrode; and liquid crystal which is held between each of the pixel electrodes and 
the counter electrode and is subjected to AC drive; wherein when during an ON period of the switching 

25 element, an image signal voltage obtained by inverting polarity of a signal voltage is supplied to the pixel 
electrodes per field of a display screen and during an OFF period of the switching element, a first 
modulation signal having a polarity opposite to that of the image signal voltage is supplied to the first lines 
per field of the display screen, potential of the pixel electrodes is changed such that a voltage obtained by 
adding or eliminating a change of the potential of the pixel electrodes and the image signal voltage to each 

30 other is applied to the liquid crystal; wherein the first modulation signals supplied to the first lines, 
respectively are different from one another. 

Preferably the specific driving scheme is applied to an active-matrix liquid crystal display in which 
during the ON period of the switching element (3), the image signal voltage is supplied to the pixel 
electrodes, wherein the first modulation signal Ve( + ) of the positive polarity is supplied to the scanning 

35 signal line during the OFF period of the switching element in an odd field and the first modulation signal 
Ve(-) of the negative polarity is supplied to the scanning signal line during the OFF period of the switching 
element in an even field so as to change the potential of the pixel electrodes, wherein supposing that a 
modulation signal amplitude Vepp is defined as Vepp = iVe( + ) - Ve(-)|. a modulation signal amplitude 
Vepp(n) for an n-th scanning signal line and a modulation signal amplitude Vepp(n + 1) for an (n+l)-th. 

40 scanning signal line have the following relation: Vepp(n} ^ Vepp(n + 1) or Vepp(n) ^ \/epp(n + 1) where 
character n denotes an arbitrary natural number. " / 

Hereinbelow, a basic principle of improvement of dependence on viewing angle in the present invention 
is described. Such a phenomenon that contrast or brightness level at the upper portion of the liquid crystal 
panel is quite different from that at the lower portion of the liquid crystal panel even if an identical image is 

45 displayed takes place because angle for viewing the liquid crystal panel at the upper portion of the liquid 
crystal panel is different from that at the lower portion of the liquid crystal panel. Fig. 1 shows a liquid 
crystal panel P having an upper portion P1 and a lower portion P2. The liquid crystal panel P has a width of 
250 mm from the upper portion P1 to the lower portion P2. A normal N relative to a display screen of the 
liquid crystal panel P is passes through a center C of the liquid crystal panel P. In a liquid crystal display in 

50 which liquid crystal molecules are aligned such that principal viewing angle direction is oriented towards the 
upper portion PI of the liquid crystal panel P. when the display screen is viewed on the normal N at a 
distance of 300 mm from the display screen, the upper portion P1 of the liquid crystal panel P is viewed at 
angles 6 of 22.6' and <^ of 0* , while the lower portion P2 of the liquid crystal panel P is viewed at angles d 
of -22-6 • and <#> of 180'. In Fig. 1. viewing angles (0, <^») are defined as shown. Namely, the display screen 

55 is viewed along a line E forming an angle $ with the normal N. The line E is projected onto the display 
screen as a line E*. When X-Y coordinates are established on the display screen as shown in Fig. 1, the line 
E' forms an angle </> with the X-axis. When the display screen is viewed from the lower portion P2 of the 
liquid crystal panel P as shown in Fig. 1, the angle e is set positively. On the contrary, when the display 
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screen is viewed from the upper portion PI of the liquid crystal panel P. the angle e is set negatively^ 

Mo e pScaMy. the phenomenon that contrast or brightness level at the upper portion of the Qu.d 

satisfactory effects can be gained. x/n/rr rrC = overall electrostatic 

the above mentioned potent.al change ^gd-Vg I these^p^^^^^^^^ ^ 

reliability of the display. 
35 Cs.Ve( + )/5:C + Cgd.Vg/rC = Cs.Ve(-)/tC - Cgd-Vg/EC = aV (A) 

supposing nov. that Cs, Cgd. tC and Vg have fixed values. Ve(.) and Ve(-) are not determined 
uniquely but satisfy the following relations (B) and (C). 

40 (Ve(-) -Ve( + ))/2 = Cgd*Vg/Cs = Constant (B) 

(Ve( + ) - Ve(-)) = 2(i:C/Cs)AV* = Vepp (C) 

When Ve(.) and Ve(-) are changed so as to satisfy the above equations (B) and (C). namely. or 
. vepp ?s Changed so ss'l satisfy the equations (B) and (C). VT characteristics of the d.splay can be 

55 be lessened greatly. , ^ • + \ vpIA or A V* is aiven as a voltage value 

Also in case the driving scheme is employed in which Ve( + ). Ve( ) or av 9'^^ « 
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and thus, causes of flicker, image sticking, etc. can be eliminated, thereby resulting in higher operational 
reliability. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 

This object and features of the present invention will become apparent from the following description 
taken in conjunction with the preferred embodiments thereof with reference to the accompanying drawings, 
in which: 

Fig. 1 is a view explanatory of viewing angles (o. 4*} {already te^erred to); 
70 Figs. 2a and 2b are graphs explanatory of dependence of VT characteristics on viewing angle (already 
referred to); 

Fig. 3 is a schematic view of a liquid crystal display according to a first embodiment of the present 
invention; 

Fig. 4 is a graph showing VT characteristics of the liquid crystal display of Fig. 3; 
15 Fig. 5 is a schematic view showing an arrangement of a liquid crystal panel employed in a liquid crystal 
display according to a second embodiment of the present invention; 

Fig. 6 is a circuit diagram explanatory of a principle of a liquid crystal display according to a third 
embodiment of the present invention; 

Figs. 7a to 7f are views showing voltage wave forms of the liquid crystal display of Fig. 6; 
20 Fig. 8 is a graph showing VT characteristics and effects of voltage in the liquid crystal display of Fig. 6; 

Fig. 9 is a graph showing dependence of VT characteristics on viewing angle in the liquid crystal display 
of Fig. 6 driven by a known driving schema in which A V of an identical value is given to all scanning 
lines; 

Fig. 10 is a graph showing VT characteristics in which optimum Vt( + ) and Vt(-) are set for various 
25 viewing angles in the liquid crystal display of Fig. 6; 

Fig. 1 1 is a circuit diagram showing a basic structure of the liquid crystal display of Fig. 6; 

Fig. 12 is a view shov/ing voltage wave forms of signal lines in the liquid crystal display of Fig. 6; 

Fig. 13 is a circuit diagram explanatory of a principle of a liquid crystal display according to a fourth 

embodiment of the present invention; 
30 Figs. 14a and 14b are views showing voltage wave forms of the liquid crystal display of Fig. 13; 

Fig. 15 is a circuit diagram showing a basic structure of the liquid crystal panel of Fig. 13; 

Fig. 16 is a graph showing optimum Vepp for respective scanning signal lines in the liquid crystal panel 

of Fig. 13; and 

Fig. 17 is a view showing layout of elements in an array substrate of a liquid crystal panel employed in a 
35 liquid crystal display according to a fifth embodiment of the present invention. 

Before the description of the present invention proceeds, it is to be noted that like parts are designated 
by like reference numerals throughout several views of the accompanying drawings. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

40 

When optical characteristics of a liquid crystal panel for different angles" for viewing the liquid crystal 
panel are evaluated, a large liquid crystal panel having a display area of 250 mm x 320 mm is employed 
and VT characteristics obtained at the time when an upper portion of the liquid crystal panel is viewed at an 
angle 6 (Fig. 1) of 22.6* are compared with VT characteristics obtained at the time when a lower portion of 

45 the liquid crystal panel is viewed at an angle 6 of -22.6 • . 

Since effects of first and second embodiments of the present invention are not associated with active- 
matrix drive essentially, experiments in the first and second embodiments of the present invention are 
performed by using simple cells from a standpoint of their convenience. 

A liquid crystal display according to the first embodiment of the present invention is described with 

50 reference to Figs. 3 and 4, hereinbelow. Initially. ITO (indium-tin-oxide) electrodes are provided on opposed 
surfaces of two glass substrates 27a each having an effective display area of 250 mm x 320 mm and 4.0 
wt. % NMP solution of polyimide "PSI-2201 " (brand name of Chisso Corporation of Japan) is coated on the 
opposed surfaces of the substrates 27a in spinning method so as to be cured into alignment layers at 200 
*C for one hour. Subsequently, the alignment layers are subjected to rubbing at a twist angle of 90* such 

55 that a principal viewing angle direction is oriented towards an upper portion of a liquid crystal panel. 
Thereafter, the substrates 27a are bonded to each other through glass fibers of 4.0 um in diameter and 
then, liquid crystal "2LI-1565" (brand name of E. Merck of Germany) is filled, as a liquid crystal layer 27b, 
in between the substrates 27a. Thus, a liquid crystal panel 27 is obtained. 

5 
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portions o, the liqoid crystal parcel have ^^^^'^^^^ ''^^^^^^^^^ the principal viewing angle 

320 mm and poly.mide solut.on ^J'^J" ^^^^^^^^ 31. spip^ng method so as to have a dried 

coated on the opposed surfaces o'/^^^ J^^f ^ Respectively At this time, by controlling surface 

diameter by using sealing resin 33 and sealing resin 33 and then, 1'^"'^ crystal LIXUN b , 

„..,s „e no, i„us„„e. ,n Fi,^ ^ J.^'^f .^^f^^.Xlrco^ r^^^^ »H,n .he upper and „we, 
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the liquid crystal panel 50. 

The present invention achieves such remarkable effects for practical use that dependence on viewing 
angle in the vertical direction of the liquid crystal panel 50 can be lessened greatly and viewing angle can 
be widened. 

5 Meanwhile, a homogeneous cell provided with ITO electrodes and a liquid crystal layer having a 

thickness of 20 um is employed for measuring tilt angle of the liquid crystal molecules 35 and tilt angle of 

the liquid crystal molecules 35 is measured at 25 * C by crystal rotation method in a shortcircuiting state 

between the ITO electrodes. 

Hereinboiovv, third to five embodiments of the present invention directed to sctive~mstriA liquid crystal 
70 displays are described. Concrete array structure and production method of the active-matrix liquid crystal 

displays have already been reported by. for example. E. Takeda et al. in IDRC (International Display 

Research Conference) '88. p156 (1988) and Proceedings of SID, p87 (1990). 

In the third embodiment, polyimide solution "LX-5400" (brand name of Hitachi Chemical Co.. Ltd. of 

Japan) is coated by spinning method on an array substrate and a color filter substrate having an effective 
75 display area of 250 mm x 320 mm so as to have a dried thickness of 600 A as alignment layers. In the 

array substrate, 1036800 trio-pixels are provided on a glass substrate and each dot has a TFT element. 

Meanwhile, the color filter substrate has red, green and blue filters for the pixels, respectively. At this time. 

the polyimide solution is cured at 170 'C. 

Subsequently, the alignment layers are subjected to rubbing at a twist angle of 90 • such that a 
20 principal viewing angle direction is oriented towards an upper portion of a liquid crystal panel. Thereafter. 

these substrates are bonded to each other through glass fibers of 4.0 um in diameter. Then, liquid crystal 

"ZLI-1565" (brand name of E. Merck) is filled, as a liquid crystal layer, in between the substrates. Thus, the 

liquid crystal panel is obtained. 

Fig. 6 shows an equivalent circuit of display elements of the TFT active-matrix liquid crystal display of 
25 the present invention. Each display element has a TFT 3 at a junction of a scanning signal line 1 and an 

image signal line 2. As parasitic capacitors, the TFT 3 has gate-drain capacitor 4 having a capacity Cgd. a 

source-drain capacitor 5 having a capacity Csd and a gate-source capacitor 6 having a capacity Cgs. In 

addition, a liquid crystal capacitor 7 having a capacity CIc* and a storage capacitor 8 having a capacity Cs 

are formulated intentionally. 

30 As external driving voltages applied to the electrodes of the elements, a scanning signal Vg is supplied 

to the scanning signal line 1. an image signal voltage Vsig is supplied to the image signal line 2 and a first 
modulation signal Ve( + ) or Ve(-) is supplied to one of electrodes of the storage capacitor 8 in accordance 
with polarity of the image signal inverted at an interval of one field. Meanwhile, a predetermined voltage is 
applied to a counter electrode of the liquid crystal capacitor 7 per field. In Fig. 6, through the parasitic 

35 capacitors and the capacitors formulated intentionally, influence of the driving voltages appears at a pixel 
electrode disposed at a point A. When the signals Vg, Ve( + ). Ve(-), Vt and Vsig which are defined as 
variable components of voltages associated with an n-th scanning line as shown in Figs. 7(a) to 7(d) are 
applied to the points in Fig. 6, respectively, potential changes AV"+ and AV- of the pixel electrode in even 
and odd fields through capacitive coupling are expressed by the following equations (1) and (2). respec- 

40 tively. 

AV+ = (Cs-Ve( + ) + Cgd-Vg - Csd-Vsig)/Ct (1) 
AV- = (Cs-Ve(-) - Cgd-Vg - Csd-Vsig)/Ct (2) 

45 

Ct = Cs + Cgd + Csd + CIc* 

The above equations (1) and (2) exclude potential variable component at the point A based on the 
conduction through the image signal line on turning on of the TFT. In the equations (1) and (2). the first 

50 term represents potential change caused by the first modulation signal, the second term represents 
potential change which is induced at the pixel electrode through the parasitic capacity Cgd of the TFT by 
the scanning signal Vg and the third term represents potential change which is induced at the pixel 
electrode through the parasitic capacity by the image signal voltage. The capacity CIc* is a capacity of 
liquid crystal, which changes under the influence of dielectric anisotropy in response to changes of 

55 alignment state of liquid crystal molecules due to magnitude of the signal voltage Vsig. Thus. Clc' and AV* 
correspond to a large capacity Clc(h) and a small capacity Clc(l) of liquid crystal, respectively. At this time, 
the capacity Cgs between the gate and the signal electrode is neglected not only because both the 
scanning signal line and the image signal line are driven by the low-impedance power source but because 

7 
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case, the following equation (3) is satisfied. 

lCs»Ve( + ) + Cgd-Vg - Csd-Vsig| = 
|Cs • Ve(-) . Cgd • Vg - Csd • Vsig| (3) 

Since VsiQ Qives an inverted signal to each field, the third terms Csd-Vsig of the both sides in the 
epuatr(3r«^^ their effects to'each other for the both field. Hence, the equation (3) can be s.r.p..f.ed 
as follows. 

(Cs.Ve( + ) + Cgd-Vg) = (Cs- Ve{-) - Cgd- Vg) = AV (4) 
This equation (4) is changed to the following equation (5). 
(Ve(-) - Ve( + )) = 2Cgd-Vg/Cs = Vepp (5) 

The first point to be noted is that the positive and negative potentials induced at the pixel electrode 

cryj. IsTven'll .he conditions =*„lng oqoa.ion. ,3) and ,4, e«oc,s o d.o.octnc an,«op, o. 
, Sr?o2,,id',n aoc'o Jdance .,n -J-«-J3, and ^^-^^<-^^^<:^: JZ^^X 

°^L\otT^r:^X^ di,.c«on^ Sobseouen..,. when ,ne scanning signal "i^^'^^''^^'"''^"^'' 
v/appo„s as po„n.al „.,ia,lo_ns a, -^-Po- A '-gn 

T = T5. potential variation at the point A appears similarly. In F<gs. 7e and 7f, this capact.ve coupling 

'°^'^n:;":he: th^ tLn^n, signal has been inputted in the even field, the TFT charges the point A 
« to the lov. level Vs(1) of Vsig. When the TFT has been turned off. the capac.tive coupling potential AV^ 
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to image signal amplitude Vsigpp as shown in the case where Ve varies after the TFT has been turned off. 
As a result. Ve and Vsrg overlap each other. In other words, output amplitude of image signal output IC can 
be reduced by 2AV. The above mentioned phase relation between Ve and Vsig is referred to as "opposite 
phase". On the other hand, phase relation which Vsig has for the modulation signal Ve as shown by dotted 

5 line in Fig. 7d is referred to as "in-phase". Effective applied voltage amplitude at the point A is substantially 
equal to (2AV - Vsigpp). so that AV and Vsig partially eliminate each other. 

Fig. 8 show VT characteristics of liquid crystal and an example of voltage range for controlling 
transmitted light by and Vsig. The voltage range for changing transmitted light of liquid crystal is from a 
threshold voltage Vth to a saturation voltage Vmax in liquid crystal. When AV is so set as to be not less 

70 than Vth, a necessary maximum signal voltage is {Vmax - Vth) if phase control is not performed. If 
amplitude and phase of signal voltage are controlled with setting the applied voltage based on AV to Vet, 
the necessary maximum signal voltage can be reduced to about {(Vmax - Vth)/2}. 

In this embodiment, a case is given in which a liquid crystal display having a height of about 25 cm is 
viewed orthogonally at a distance of 40 cm from a center of the liquid crystal display. At this time, when 

75 upper and lower ends of the display are viewed, an angle of about 17* is formed vertically for each of the 
upper and lower ends of the display. 

Fig. 9 shows relation between input signal voltage and transmittance characteristics through change of 
viewing angle. In case AV of an identical value is given to all the scanning lines, VT characteristics change 
greatly according to viewing angle. 

20 In the liquid crystal display of this embodiment, principal viewing angle direction is set towards the 

upper portion of the liquid crystal panel. Thus, when the display screen is viewed from above, VT 
characteristics shift to low-vottage side of input voltage. On the contrary, when the display screen is viewed 
from below, VT characteristics shift to high-voltage side of input voltage. 

Thus, when AV which gives, in viewing angles corresponding to the respective scanning tines, VT 

25 characteristics most approximate to those of a viewing point orthogonal to the liquid crystal display is given 
to each scanning line, VT characteristics at the respective viewing angles come close to each other as 
shown in Fig. -10. As a result, transmitted light intensity of the whole display screen becomes uniform at a 
viewing point orthogonal to the liquid crystal display and thus, the object of the present invention, i.e., 
improvement of dependence on viewing angle can be achieved. Namely, by utilizing such a property that 

30 VT characteristics shift to high-voltage and low-voltage sides of input voltage when AV is reduced and 
increased, respectively, AV which gives, in viewing angles corresponding to the respective scanning lines 
from a viewing point, VT characteristics most approximated to those at the center of the display screen is 
given to each scanning line. In this embodiment. AV is gradually reduced as a point on the display screen 
is displaced downwardly. At this time, difference between V at the upper portion of the screen and AV* at 

35 the lower portion of the screen is about 1 .5 V. 

Fig. 11 shows a circuit of the liquid crystal display according to the third embodiment of the present 
invention. The circuit includes a scanning driving circuit 9, an image signal driving circuit 10, a first 
modulation circuit 11, a second modulation circuit 12, scanning signal lines 13a to 132, image signal lines 
14a to 14z, common electrodes 15a to 152 each having a storage capacity Cs and counter electrodes 16a 

40 to 162 of liquid crystal. In this embodiment, since the storage capacity and the counter electrode are 
separately formed on each scanning signal line as described above, the first modulation signal is also 
applied to each corresponding scanning signal line. 

Fig. 12 is a timing chart of the scanning signal and the modulation signal and depicts the scanning 
signal and the modulation signal for the n-th and (n + 1)-th scanning signal lines. Relations of the modulation 

45 signal and the image signal versus AV and Vsig are substantially equal to those of Figs. 7a to 7f. Namely, 
polarities of the image signal and the modulation signal are inverted per field. In Fig. 12, different value are 
imparted to AV , i.e. Vepp for the n-th scanning signal line and that for the (n + 1)-th scanning signal line. 
This active-matrix liquid crystal display can be driven with less flicker in the whole range from white to black 
by setting output amplitude of the signal voltage to 3Vpp and is capable of performing display having 

50 excellent contrast. Furthermore, DC component between the electrodes scarcely exists and reliability of 
liquid crystal is excellent for a long time. Hereinbelow, other embodiments are described in which wide 
viewing angle is achieved by driving scheme. 

Except for that an array substrate in which the first signal tine acts also as the scanning signal line is 
employed, an active-matrix liquid crystal display according to the fourth embodiment of the present 

55 invention is the same as that of the third embodiment. Fig. 13 shows an equivalent circuit of display 
elements of the TFT active-matrix liquid crystal display of the present invention. The electric circuit includes 
an n-th scanning signal line V, an (n + 1)-th scanning signal line, an image signal line 2 and a TFT 3. As 
parasitic capacities, the TFT 3 includes a gate-drain capacitor 4 having a capacity Cgd, a source-drain 
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caoacitor 5 having a capacity Csd and a gate-source capacitor 6 having a capacity Cgs. Furthermore a 
SSid crystarcTpadtor 7 having a capacity Cc' and a storage capacitor 8 hav,ng a capacity Cs are 

.^innal line on turnino on of the TFT is excluded from the equations (1) and (2). Therefore, in the sar^e 
,„,eSn Th. *u., includes . scaling sign., and ™d.l«lon sign., ''"•'■'f " ■''^^^Z Ig 

,0 slS^circ^ IS sep.,,,.,y ,o.n.,d on e.ch sc.nn.ng sign., line .s described .bo.e. ,h. n,od.l.,»n 

denotM a cons,.nl. Vepp(n) lor ,he n-,h scanning signal line and vepp(n.l) tor ,he (n*,)-tl> sc.nn.ng 

signal line have tine following relation. 

25 

|Vepp(n) - Vepp(n + 1)| = A 

By performing drive in which optimum Vepp is added to each scanning signal line in this -^Y; ^^e I j 

'"'^A'concrete production method of the liquid crystal panel is described, hereinbelow. Polyimide solution " 
LX.5400- (branS name of Hitachi Chemical Co.. Ltd.) is coated by spinning method on an array substrate 

the lower portion of the liquid crystal panel has a contrast of 62. 
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As will be seen from the foregoing, since capacity of the storage capacitor is reduced from the upper 
portion of the liquid crystal panel towards the lower portion of the liquid crystal panel, differences of contrast 
and transmittance characteristics due to change of angle for viewing the liquid crystal panel can be 
improved remarkably. 

5 This is clear also from the equation (C). By changing the capacity Cs of the storage capacity gradually 

from the upper portion of the liquid crystal panel towards the lower portion of the liquid crystal panel even 
when the modulation signal amplitude is constant, satisfactory effects of improvement of viewing angle can 
be achieved. 

70 Claims 

1. An active-matrix liquid crystal display including a liquid crystal panel (27) in which temperature changes 
gradually from an upper portion of the liquid crystal panel (27) towards a tower portion of the liquid 
crystal panel (27). 

75 

2. An active-matrix liquid crystal display including a liquid crystal panel (50) having a liquid crystal layer 
(40) in which tilt angle of liquid crystal molecules (35) changes gradually from an upper portion of the 
liquid crystal panel (50) towards a lower portion of the liquid crystal panel (50). 

20 3. An active-matrix liquid crystal display comprising: 
a plurality of first lines (15a-15z); 

a plurality of pixel electrodes (7) which are connected to the first lines (15a-15z) through capacitors 
so as to be disposed in a pattern of a matrix; 

an image signal line (14a-142); 
25 a scanning signal line (13a-132); 

a switching element (3) which is electrically connected to the image signal line (14a-l4z) and the 
scanning signal line (13a-13z) and is connected to each of the pixel electrodes (7); 

a counter electrode (Vt); and 

liquid crystal (7) which is held between each of the pixel electrodes (7) and the counter electrode 
30 (Vt) and is subjected to AC drive; 

wherein when during an ON period of the switching element (3), an image signal voltage obtained 
by inverting polarity of a signal voltage is supplied to the pixel electrodes (7) per field of a display 
screen and during an OFF period of the switching element (3), a first modulation signal having a 
polarity opposite to that of the image signal voltage is supplied to the first lines (15a-15z) per field of 
35 the display screen, potential of the pixel electrodes (7) is changed such that a voltage obtained by 

adding a change of the potential of the pixel electrodes (7) and the image signal voltage to each other 
is applied to the liquid crystal (7); 

wherein the first modulation signals supplied to the first lines (15a-15z). respectively are different 
from one another. 

^0 J ,\ 

4. An active-matrix liquid crystal display comprising: 
a plurality of first lines (15a-152); 

a plurality of pixel electrodes (7) which are connected to the first lines {15a-15z) through capacitors 
so as to be disposed in a pattern of a matrix; 
45 an image signal line (14a-14z); 

a scanning signal line (13a-13z); 

a switching element (3) which is electrically connected to the image signal line (14a-14z) and the 
scanning signal line (13a-132) and is connected to each of the pixel electrodes (7); 

a counter electrode (Vt); and 
50 liquid crystal (7) which Is held between each of the pixel electrodes (7) and the counter electrode 

(Vt) and is subjected to AC drive; 

wherein when during an ON period of the switching element (3), an image signal voltage obtained 
by inverting polarity of a signal voltage is supplied to the pixel electrodes (7) per field of a display 
screen and during an OFF period of the switching element (3), a first modulation signal having a 
55 polarity opposite to that of the image signal voltage is supplied to the first lines (15a-15z) per field of 

the display screen, potential of the pixel electrodes (7) is changed such that a voltage obtained by 
eliminating a change of the potential of the pixel electrodes (7) and the image signal voltage to each 
other is applied to the liquid crystal (7); 
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wherein the first modulatior, signals supplied to the first lines (15a-15z). respectively are different 
from one another. 

5 An active-matrix liquid crystal display as claimed in Claim 3, wherein the Image signal voltage is 
5 obt^ed by inverting the polarity of the signal voltage per scanning line of the display screen and the 

polarity of the first modulation signal Is Inverted per scanning line. 

6 An active-matrix liquid crystal display as claimed in Claim 4, wherein the innage signal voltage is 
obtained by inverting the polarity of the signal voltage per scanning line of the display screen and the 

JO polarity of the first modulation signal Is Inverted per scanning line. 

7. An active-matrix liquid crystal display as claimed In Claim 5, wherein the first modulation signals (Ve- 
( + ve(-)) of the opposite polarities have different absolute values. 

,5 8. An active-matrix liquid crystal display as claimed in Claim 6, wherein the first modulation signals (Ve- 
( + y ve(-)) of the opposite polarities have different absolute values. 

9. An active-matrix liquid crystal display as claimed In Claim 7. wherein prior to lapse of the ON period of 
the switching element (3). a portion of a potential of the first modulation signal is changed. 

10. An active-matrix liquid crystal display as claimed in Claim 8. wherein prior to lapse of the ON period of 
the switching element (3), a portion of a potential of the first modulation signal is changed. 

11. An active-matrix liquid crystal display as claimed in Claim 7. wherein the switching element Is a thin 

" '"Te^rVupposing that Ve(.) and Ve(-) denote the first modulation ^^if^^^J^^^^^^^ 

polarities, respectively. Vg denotes a potential change of a scanning signal. Cs denotes a storage 
c paclty. Cgd denotes a capacity between a gate and a drain. Csd denotes a -P-^V f ^ " a 
source and a drain and EC denotes an overall electrostatic capacity per pixel, po ential changes 
Cs. Ve( + )/rC and Cs- Ve(-)/rC of the pixel electrodes (7) by the first modulation signals and po ent.al 
Change Cgd-Vg/EC of the pixel electrodes (7) due to the potential change of the scanning signal have 
the following relation: 

Cs.Ve(+)/i:C + Cgd.Vg/EC = Cs.Ve(-)/5;C - Cgd-Vg/EC = AV* 

where AV has a value not less than a threshold voltage of the liquid crystal (7). 
12. An active-matrix liquid crystal display as claimed in Claim 8, wherein the switching element is a thin 

.0 ""wheS'supposing that Ve(.) and Ve(-) denote the first modulation ,-9-'^ 

DOlaritles respectively, Vg denotes a potential change of a scanning signal. Cs denotes a storage 
apadty Cgd'denote's a'capacity between a gate and a drain, ^^^'^'^-'^^^^^^^^^^^^^^^ 
source and a drain and EC denotes an overall electrostatic capacity per pixel, potential changes 
Cs.Ve(*)/EC and Cs.Ve(-)/i:C of the pixel electrodes (7) by the first modulation signals and potential 
Change Cgd-Vg/EC of the pixel electrodes (7) due to the potential change of the scanning signal have 
the following relation: 

Cs.Ve( + )/i:C + Cgd-Vg/EC = Cs-Ve(-)/i:C - Cgd-Vg/EC = AV* 

where AV has a value not less than a threshold voltage of the liquid crystal (7). 

13. An active-matrix liquid crystal display as claimed in Claim 7. wherein the ^^^."'"Q ^IJ"^' ""^ ^3^^^^^ 
acts also as each of the first lines (15a-15z) and the first modulation signal in addition to a scanning 
signal is applied to the scanning signal line (I3a-13z). 

14. An active-matrix liquid crystal display as claimed in Claim 8. wherein the ^^^""'"9 ^'j"^' ^ 
acts also as each of the first lines (15a-152) and the first modulation signal .n addition to a scanning 
signal is applied to the scanning signal line (13a-13z). 
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15. An active-matrix liquid crystal display as claimed in Claim 13, wherein the first modulation signal Ve{ + ) 
of one polarity is supplied to the scanning signal line (13 a-13z) during the OFF period of the switching 
element (3) in an odd field and the first modulation signal Ve(-) of the other polarity is supplied to the 
scanning signal line (13a-132) during the OFF period of the switching element (3) in an even field so as 
5 to change the potential of the pixel electrodes (7). 

wherein supposing that a modulation signal amplitude Vepp is defined as Vepp = |Ve( + ) - Ve(-)|, a 
modulation signal amplitude Vepp(n) for an n-th scanning signal line (13a-132) and a modulation signal 
amplitude Vepp(n + 1) for an (n+ 1)*th scanning signal line (13a-13z) have the following relation: 

w Vepp(n) < Vepp(n + 1 ) 

where character n denotes an arbitrary natural number. 

An active-matrix liquid crystal display as claimed in Claim 13. wherein the first modulation signal Ve( + ) 
of one polarity is supplied to the scanning signal line (13 a-ISz) during the OFF period of the switching 
element (3) in an odd field and the first modulation signal Ve(-) of the other polarity is supplied to the 
scanning signal line (13a-13z) during the OFF period of the switching element (3) in an even field so as 
to change the potential of the pixel electrodes (7), 

wherein supposing that a modulation signal amplitude Vepp is defined as Vepp = |Ve( + ) - Ve(-)|, a 
modulation signal amplitude Vepp(n) for an n-th scanning signal line (13a-13z) and a modulation signal 
amplitude Vepp(n + 1) for an (n + 1)-th scanning signal line (13a-13z) have the following relation: 

Vepp(n) Z Vepp(n + 1) 

26 where character n denotes an arbitrary natural number. 

17. An active-matrix liquid crystal display as claimed in Claim 15. wherein the modulation signal amplitude 
Vepp(n) for the n-th scanning signal line (13a-13z) and the modulation signal amplitude Vepp(n + 1) for 
the (n + 1)-th scanning signal line (13a-13z) have the following relation: 

30 

|Vepp(n) - Vepp(n 1 )| = A 

where character A denotes a constant. 

35 18. An active-matrix liquid crystal display as claimed in Claim 16, wherein the modulation signal amplitude 
Vepp(n) for the n-th scanning signal line (13a-13z) and the modulation signal amplitude Vepp(n + 1) for 
the (n + 1)-th scanning signal line (13a-132) have the following relation: 

|Vepp(n) - Vepp(n -H)| = A 

where character A denotes a constant. 

19. An active-matrix liquid crystal display comprising: 
a plurality of first lines; 

a plurality of pixel electrodes (65) which are connected to the first tines through capacitors so as to 
be disposed in a pattern of a matrix; 
an image signal line (61); 
a scanning signal line (62); 

a switching element (68) which is electrically connected to the image signal line (61) and the 
scanning signal line (62) and is connected to each of the pixel electrodes (65); 
a counter electrode; and 

liquid crystal which is held between each of the pixel electrodes (65) and the counter electrode and 
is subjected to AC drive; 

wherein when during an ON period of the switching element (68), an image signal voltage obtained 
by inverting polarity of a signal voltage is supplied to the pixel electrodes (65) per field of a display 
screen and during an OFF period of the switching element (68), a first modulation signal having a 
polarity opposite to that of the image signal voltage is supplied to the first lines per field of the display 
screen, potential of the pixel electrodes (65) is changed such that a voltage obtained by adding a 
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change of the potential of the pixel electrodes (65) and the image signal voltage to each other is 

^'ttereirJ'S'nll''S' s^^^ capacity (63) changes gradually from an upper portion of a .ipuid 

crystal panel towards a lower portion of the liquid crystal panel. 

5 . . 

20. An active-matrix liquid crystal display comprising: 

: Of SreStrodes (65) which are connected to the first lines through capacitors so as to 

be disposed in a pattern of a matrix; 
70 an image signal line (61); 

: "rS/Sr S whl* is e„c,„ca,„ conneco. ,o .he *n„ «ne ,6„ and 

scanning signal line (62) and is connected lo each ol Ihe pixel eleclrodes (65); 

ifheld beK.,.n each o, ,he pixel eleCredes ,S5) and ,he coun.e, elecode and 

tre^ln "hCn dS an ON p.nod o, .he swi.chin, eleven, ,68). ^^^J'^"^ ^^l^-^^ ^'^^ 
bv inverllna oolaritv ol a signal voltage is supplied to the pixel electrodes (65) pei lield ol = WW 
117 JS Judna an OFF period ol the switching elomenl (68). a llrsl rrrodulation s.grjal h»..ng a 

change of the potential of the pixel electrodes (65) and the .r.age signal voltage to each other ,s 

^^'ItreirrrlagldT:^' storage capacity (63) changes gradually from an upper portion of a li.uid 
25 crystal panel towards a lower portion of the liquid crystal panel. 
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Fig. 2 a 
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Fig. 4 
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Fig. 6 
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Fig. JO 
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Fig. 11 
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Fig. 12 
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Fig. 15 
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